Introduction
A pyogenic liver abscess is a liver infection which is caused by a broad range of microorganisms. Pyogenic liver abscesses are major public health concern due to their significant morbidity and mortality. Their mortality rate was around 2.5% to 31% in previous studies, depending on the study year and the study population [1, 2] Growing evidence has shown that a variety of precipitating factors are associated with pyogenic liver abscesses, including biliary tract disease, diabetics mellitus, end-stage renal disease, splenectomy, herpes zoster, and cancer. [3] [4] [5] [6] [7] [8] The previous caseseries studies have shown that the most common presenting symptoms of pyogenic liver abscesses are fever and right upper quadrant pain. [7, [9] [10] [11] [12] [13] [14] Weight loss is usually defined as a loss of 5% or more of one's baseline body weight within 6 months. [15] [16] [17] Weight loss is a common complaint frequently associated with a wide variety of diseases. The literature has shown that gastrointestinal disorders, psychiatric disorders, and cancers are usually the most prevalent causes of weight loss. [17] [18] [19] Some case-series studies have shown that weight loss can be found in patients with pyogenic liver abscesses. [11] [12] [13] [14] However, no study has been done based on a systematic analysis that examines the association between weight loss and pyogenic liver abscesses. If a well-designed study could establish that weight loss might be an early clinical symptom of an undiagnosed pyogenic liver abscess, clinicians could consider the possibility of a pyogenic liver abscess when a patient presents with weight loss accompanied by fever and right upper quadrant pain. Therefore, we conducted a population-based cohort study to investigate the association between weight loss and pyogenic liver abscesses in adults in Taiwan.
Methods

Design and data source
We designed a population-based cohort study utilizing the data-follows: alcohol-related disease, biliary stone, chronic kidney disease, chronic liver disease (including cirrhosis, hepatitis B infection, hepatitis C infection, and other chronic hepatitis), and diabetes mellitus. The diagnostic correctness of these comorbidities based on ICD-9 codes has been well assessed in previous studies.
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Major outcome
The major outcome was a new diagnosis of pyogenic liver abscess (ICD-9 code 572.0) according to a discharge diagnosis of hospitalization during the follow-up period. All study subjects were followed until either they were diagnosed with pyogenic liver abscesses or until the end of 2013.
Statistical analysis
The distributions of sex, age, and comorbidities were compared between the weight loss group and the non-weight loss group using a Chi-square test for categorized variables and a t-test for continuous variables. The incidence of pyogenic liver abscesses was measured as the event number of pyogenic liver abscesses identified during the follow-up period, divided by the total follow-up person-years for each group. Initially, all variables were included in a univariable model. Next, variables found to be statistically significant in the univariable model were further included in the multivariable model. A multivariable Cox proportional hazards regression model was used to assess the hazard ratio (HR) and 95 % confidence interval (CI) for the risk of having a pyogenic liver abscess associated with weight loss and comorbidities including base of the Taiwan National Health Insurance Program. Briefly, Taiwan is an independent country with a population of more than 23 million people. [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] This insurance program began on March 1st, 1995, and the enrollment rate was over 99.6% of the 23 million people living in Taiwan by the end of 2015. [31] The details of the program have been well reported in previous studies. [32] [33] [34] [35] [36] The present study was approved by the Research Ethics Committee of China Medical University and Hospital in Taiwan (CMUH-104-REC2-115).
Participants and inclusion criteria
Based on the International Classification of Diseases 9th Revision-Clinical Modification (ICD-9 code), the weight loss group for this study was defined as the subjects aged 20 to 84 years with newly diagnosed weight loss between 2000 and 2012 (ICD-9 code 783.21). The index date was defined as the date of being diagnosed with weight loss. For each subject diagnosed with weight loss that was selected, approximately 4 subjects without weight loss were randomly selected from the same database as the nonweight loss group. Both the weight loss and the non-weight loss groups were matched by sex, age (within 5 years), comorbidities, and the year of index date. Subjects who had a history of pyogenic liver abscess, amebic liver abscess, or liver transplantation before the index date were excluded from the study (Fig. 1 ).
Comorbidities potentially associated with pyogenic liver abscess
Comorbidities before the index date that were included are as Excluding subjects with pyogenic liver abscess (n = 19), amebic liver abscess (n = 0), or liver transplantation (n = 7) before index date, under 20 years or more than 84 years (n = 788)
Weight loss subjects without pyogenic liver abscess at baseline (n = 8453)
Non-weight loss subjects without pyogenic liver abscess at baseline (n = 33777)
Totally, 8453 weight loss subjects and 33777 comparison subjects in the study cohort. biliary stone, chronic liver disease, and diabetes mellitus. All analyses were performed with SAS software version 9.2 (SAS Institute Inc., Cary, North Carolina, USA). Two-tailed P < 0.05 was considered statistically significant. Table 1 presents the distributions of sex, age, and comorbidities between the weight loss group and the non-weight loss group. In total, 8453 subjects in the weight loss group and 33777 subjects in the non-weight loss group were selected, with similar distributions of sex and age between the two groups. The mean ages (standard deviation) of the study subjects were 54.6 (16.4) years for the weight loss group and 54.3 (16.5) years for the non-weight loss group (t-test, P = 0.08). The proportions of alcohol-related disease, biliary stone, chronic kidney disease, chronic liver disease, and diabetes mellitus were equally distributed in the weight loss group and the non-weight loss group (Chi-square test, P > 0.05 for all).
Results
Demographic characteristics of the study population
Incidence of pyogenic liver abscesses in the study population stratified by sex, age, and follow-up period
The follow-up results from this study present that the overall incidence of pyogenic liver abscesses was 1.26-fold greater in Table 2 ). The incidence of pyogenic liver abscesses was higher in male subjects than in female subjects among both the weight loss group and the non-weight loss group. The analysis stratified by follow-up period presents that the incidence of pyogenic liver abscesses was higher after 3 months of diagnosing weight loss (5.30 per 10000 person-years, Table 2 ). Only 1 patient in the weight loss group (5%, 1/20) developed a pyogenic liver abscess within 3 months. The other 19 patients in the weight loss group (95%) developed pyogenic liver abscesses after 3 months of being diagnosed with weight loss.
Pyogenic liver abscesses associated with weight loss and comorbidities
Variables found to be statistically significant in the univariable model were further analyzed. Sex, age, biliary stone, chronic liver disease, and diabetes mellitus were compatible with the criteria for adjustment. Finally, biliary stone, chronic liver disease, and diabetes mellitus were included as comorbidities. The multivariable Cox proportional hazards regression model shows that the adjusted HR of pyogenic liver abscesses was 2.47 (95 %CI 1.21, 5.02) for subjects with weight loss and without comorbidities, as compared to subjects without weight loss and without comorbidities (Table 3) .
Discussion
In this retrospective cohort study, we observed that the overall incidence of pyogenic liver abscesses was 1.26-fold greater in the weight loss group than in the non-weight loss group. We also observed that patients with weight loss and without comorbidities were associated with a 2.47-fold increased risk of pyogenic liver abscesses, as compared with subjects without weight loss and without comorbidities. In the present study, we selected patients with weight loss prior to a confirmed diagnosis of pyogenic liver abscesses. Although a causal-effect relationship can not be established based on an observational study such as this, weight loss can be said to be substantially associated with pyogenic liver abscesses in adults. Weight loss is a common clinical problem and its serious underlying disorders are frequently associated with increased morbidity and mortality. Some case-series studies have shown that weight loss is found in patients with pyogenic liver abscesses, [11] [12] [13] [14] but these studies did not investigate the percentage of weight loss among patients who had pyogenic liver abscesses, and they did not show the interval between weight loss and pyogenic liver abscesses. Thus, based on those studies we cannot be sure whether weight loss is an early clinical symptom of undiagnosed pyogenic liver abscesses, or weight loss is only an accompanied symptom of coexisting conditions that might predispose someone to have a potential risk for developing a pyogenic liver abscess.
In the present study, we observed that the incidence of pyogenic liver abscesses was higher after 3 months of diagnosing weight loss (5.30 per 10000 person-years, Table 2 ). Only 5% of patients with weight loss (1/20) developed pyogenic liver abscesses within 3 months, whereas the rest (95%) developed pyogenic liver abscesses after 3 months of being diagnosed with weight loss. Previous case-series studies have shown that the duration from symptoms onset to the patient presenting to a medical facility was around 9-17 days. [9, 11, 12] In view of the high accessibility to medical facilities in Taiwan, if weight loss is really an early clinical symptom of an undiagnosed pyogenic liver abscess, it does not need to take 3 months to make a diagnosis of a pyogenic liver abscess after a patient presents with weight loss to a medical facility. Nevertheless, we think that weight loss may not be an early clinical symptom of undiagnosed pyogenic liver abscesses, but it could be an accompanied symptom of a number of unfound underlying disorders. Fever and right upper quadrant pain are still the chief symptoms of pyogenic liver abscess. [7, [9] [10] [11] [12] [13] [14] Because no other systematic study focuses on this issue, we have tried to make a rational explanation for the association of weight loss with pyogenic liver abscesses, and it is as follows. Initially, patients who present with weight loss might seek consultation for the underlying disorders associated with weight loss. Meanwhile, some of these underlying disorders could be also a risk factor for pyogenic liver abscesses. As time progresses, patients who had this kind of underlying disorder might be more likely to develop pyogenic liver abscesses later. For example, weight loss is an early and typical symptom associated with undiagnosed diabetes mellitus, and diabetes mellitus is well-known to be a risk factor for pyogenic liver abscesses. [5] [6] [7] [8] Therefore, if patients who present with weight loss actually have diabetes mellitus, they are also at an increased risk for developing pyogenic liver abscesses later. This explanation can be partially proven by the fact that among the subjects with weight loss and without comorbidities at the baseline (Table 3) , 1 subject developed diabetes mellitus, 4 subjects developed cancer, and 2 subjects developed diabetes mellitus and cancer during the follow-up period. As is well-known, diabetes mellitus and cancer are two comorbid conditions associated with an increased risk for developing pyogenic liver abscesses, [5] [6] [7] [8] and diabetes mellitus and cancer can cause weight loss. Therefore, it is the underlying disorders associated with weight loss that further increase the risk of pyogenic liver abscesses, not the weight loss itself.
Limitations
There were some important limitations in the study. First, due to an inherent limitation of the database used, there was no record of whether weight loss was involuntary or voluntary. However, patients who called medical care for weight loss can be considered to be those looking for an underlying disorder that is causing the weight loss. Thus, we think that weight loss of the patients in the database is largely if not entirerly involuntary. Second, due to the same limitation, we could not know what percentage of weight loss was detected when patients presented to medical facilities. ICD-9 code of weight loss could be used instead. Third, due to the same limitation, we did not know whether patients with weight loss also presented with fever or right upper quadrant pain during the same medical visit. That is, we could not determine the chief symptoms among subjects with pyogenic liver abscesses in this study. Fourth, the event number of pyogenic liver abscesses was too small to be convincing as to the statistical significance of this study (only 20 events in the weight loss group and 67 events in the non-weight loss group). More large-size studies with a much larger event number are needed to clarify this issue.
Despite the above limitations, some strengths of this study should be mentioned. This is the first cohort study to link weight loss with pyogenic liver abscesses in adults. The outcome is very difficult to assess as it is not common, but the Taiwan National Health Insurance Program provides an accessible database to explore this association in more depth. The results are relatively impressive. The present study also provides important information on what risks of developing a pyogenic liver abscess should be followed up in Taiwan.
Conclusion
Weight loss is associated with pyogenic liver abscesses in adults in Taiwan. Among those that developed pyogenic liver abscesses in the weight loss group, only 5% occurred within 3 months. Thus, weight loss might not be an early clinical symptom of an undiagnosed pyogenic liver abscess, but patients with weight loss could be at an increased risk for developing pyogenic liver abscesses later. Clinicians should keep in mind that the underlying disorder associated with weight loss could be a risk factor for pyogenic liver abscesses. We suggest that clinicians not only record the term "weight loss" when recording a patient's history, but they also should measure body weight every visit. Only serial measurements of body weight can correctly quantify weight loss in clinical practice.
